This study presents data from 2 years of extensive sampling from July to October at 7 caves and mines used by bats in the Appalachian Mountains region of western Maryland and southwestern Pennsylvania. In total, 2,860 individuals from 7 species were captured. We examined species composition at roosts and compared our data to a survey conducted at 5 of the same caves and mines 2 decades ago; roosts were used by up to 6 species, and species composition has remained stable. In addition, we examined roost fidelity via mark and recapture (at 1 cave); population structure; and nightly, seasonal, and yearly patterns of use. Bats exhibited a very low rate of recapture (2.8%). Few bats were captured exiting the roosts before or during the 1st hour after sunset; peaks in nightly captures at roosts generally occurred 3-5 h after sunset, with few differences between sex and age classes. These patterns were indicative of frequent use of these caves and mines as night roosts by large numbers of individuals. For the 4 most abundant species (Myotis lucifugus, M. septentrionalis, Pipistrellus subflavus, and Eptesicus fuscus), roosts were used by adults and juveniles of both sexes. Adult sex ratios were skewed toward males, whereas juvenile sex ratios approached 1:1 in 1 of 2 years for each species. Nightly ambient temperatures explained little of the variation in capture times (2%) or capture success (10%). For each species, seasonal patterns of activity were similar between years, but there were differences among species. Overall, bat activity was highest in late August in both years.
. For foraging bats, night roosts can serve a plurality of needs (Bradbury 1977; Kunz 1982) , including resting places that facilitate digestion between feeding bouts, refuge from predation and inclement weather, beneficial thermoregulatory environments, and possibly gathering sites for the transmission of information on foraging sites among individuals (Wilkinson 1992) . Although many night roosts that are separate from maternity roosts appear to be used predominately by adult male and nonreproductive female bats, these sites likely become important for adults and juveniles of both sexes after maternity colonies disband (Kunz 1973) .
The social organization of most temperate bat species follows the ''temperate cycle'' (Bradbury 1977) . The nonbreeding period begins when maternity colonies dissolve in mid-to late summer and females and juveniles disperse from the natal site. The mating period generally occurs in the autumn, but can begin as early as August (e.g., Myotis lucifugus in Ontario- Fenton and Barclay 1980) . For nonmigratory species, one of the most significant tasks of temperate bats in these months preceding hibernation is the accumulation of adequate fat reserves. This period can be especially stressful for females that have previously incurred the high costs of pregnancy and lactation (reviewed by Racey and Speakman 1987) and juveniles, which can be inexperienced foragers (Hamilton and Barclay 1998) . Because foraging success is critical in the months preceding hibernation, availability and distribution of suitable night roosts is undoubtedly significant to all bats. In juveniles for which growth and survival are influenced by commuting distances to and from foraging areas (Tuttle 1976; Tuttle and Stevenson 1982) , the availability and distribution of night roosts after dispersal from the natal site may be of considerable significance.
Here we present data on 2 years of extensive sampling in July-October at 7 caves and mines used by an assemblage of bats in the Appalachian Mountains region of western Maryland and southwestern Pennsylvania. Patterns reported here are shown to be indicative of frequent use of these caves and mines as night roosts, in addition to being used as day roosts by a relatively small number of individuals. For bats in the region, mid-summer (July) corresponds to the time when maternity colonies begin to dissolve (Merritt 1987; Paradiso 1969 ) and females and young disperse and likely roost away from the natal site. We describe several aspects of bat activity at these caves and mines, including species composition, population structure, and nightly and seasonal patterns of use. We also describe year-to-year variation in the observed patterns and compare patterns in this study with results of a mistnetting survey (Gates et al. 1983) , conducted during July-October 1979 -1980 , that included 5 of the same caves and mines investigated in this study.
The overall goal of this paper is to describe large-scale patterns of bat activity at these caves and mines and to compare these patterns with those found in the 1979-1980 survey. In addition to species compositions and abundances, which are presented here, a more detailed account of variability among sites will be presented elsewhere.
MATERIALS AND METHODS
Study area.-Our study area lies within the Appalachian Plateaus and Valley and Ridge provinces of western Maryland and adjacent southwestern Pennsylvania. Mixed mesophytic forests dominate the region (Paradiso 1969) . Dominant tree species include northern hardwoods (Acer, Fagus, and Betula), oak-hickory associations (Quercus-Carya), white pine (Pinus strobus), and hemlock (Tsuga canadensis). Our 7 study sites are complexes of limestone caves or abandoned limestone mines that occur approximately east to west along an elevational gradient (Table 1) . The lowest-elevation site, Round Top Mountain Mines, lies at 150 m above sea level; the highest, Laurel Caverns, is at 760 m. All sites are surrounded by habitat considered important to foraging bats, including mixedhardwood forest, slow-moving water, open fields, and trails. Detailed descriptions of the caves and mines can be found in Franz and Slifer (1971) for Maryland and White (1976) for Pennsylvania. Of the 9 species of bats (Vespertilionidae) that occur regularly in the study area, 6 commonly inhabit caves and mines (Merritt 1987; Paradiso 1969) : little brown bat (Myotis lucifugus), northern long-eared bat (M. septentrionalis ¼ keenii septentrionalis-Caceres and Barclay 2000), Indiana bat (M. sodalis), eastern small-footed bat (M. leibii), eastern pipistrelle (Pipistrellus subflavus), and big brown bat (Eptesicus fuscus). Red bats (Lasiurus borealis) are a solitary tree-roosting species, but occasionally enter caves in late summer and autumn Saugey et al. 1998) .
Captures.-Data presented in this paper are derived from a study of prehibernal weight gain and activity of bats by B. D. Marsh (1998) . Guidelines for the protection of bat roosts (Sheffield et al. 1992) were followed throughout this study to avoid unnecessary disturbance to bats. In addition, the capture and handling of animals conformed to guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) . Bats were trapped at the entrances to cave and mine complexes from July to October in 1995 and 1996 at 7 principle sites. Sites were chosen based on suitability for accommodating the trap design and a history of capture success. Tuttle traps (Tuttle 1974) were placed at cave and mine entrances before sunset to determine if bats were using the sites as day roosts. A trap night is defined as 1 Tuttle trap placed at 1 cave or mine entrance on 1 night. Plastic tarps were placed between the trap and cave or mine walls to restrict passage except through the trap. Traps were monitored continuously throughout the night until captures became infrequent, which was usually around 0200 h. To avoid excessive disturbance, sampling occurred not more than every 2 weeks at a given site. No sampling occurred between 27 August and 13 September 1995.
Capture time was recorded whenever a bat was removed from a trap, and this time was converted to minutes after sunset. Time of sunset was determined from a solar calendar (Doyle 1995 (Doyle /1996 specific to Cumberland, Maryland (398389N, 788469W). Captured bats were placed in perforated Styrofoam cups for at least 1 h and held until the end of the trapping period. In 1996, foraging before capture was determined for all bats by the presence or absence of feces in the cups. All bats were identified to species and sex and placed into adult or juvenile age classes based on the presence or absence of epiphyseal closure (Kunz and Anthony 1982) and wing joint morphology (Barbour and Davis 1969) . All bats trapped at Greises Cave in 1996 were marked before release by using wing-punch marking (Bonaccorso and Smythe 1972) and a pet tattoo kit (Weston Pet Supply & Manufacturing Company, Inc., Arvada, Colorado).
Ambient temperature was recorded outside cave and mine entrances each night. A standard mercury thermometer was hung from a tree at eye level several meters away from the cave or mine entrance.
Temperature was recorded approximately every 15 min throughout the trapping period; however, this schedule was not always strictly adhered to during periods when captures were frequent. We report the variable ''temperature at trap time'' as the average temperature recorded on a given trap night outside a given cave or mine entrance.
Analyses.-Statistical analyses were performed by using JMP IN 4.04 (SAS Institute Inc. 2001). We used mean capture success (number of bats/trap hour) of species to compare abundance of each species between years and among species for the years combined. These data were not normally distributed and there was heteroscedasticity among species, so we used nonparametric tests to compare means. Data on capture times were normally distributed with little heteroscedasticity among species or species subgroups, which justified use of analysis of variance (ANOVA) followed by Tukey-Kramer multiple comparisons. Sex ratios were analyzed by using chi-square tests with Yates correction for continuity for all 2 Â 2 contingency tables (Zar 1996) . We used regression analysis to examine the relationship between nightly ambient temperature and capture success, and between temperature and capture time. Capture success data were log-transformed before analysis to meet assumptions of normality. For analysis of capture time we considered each individual bat caught on any night as an observation. A significance criterion of P , 0.05 was used for all statistical tests. Results are reported as mean 6 1 SE.
RESULTS
Capture success.-A total of 1,074 bats were caught on 30 dates in 1995 during 42 trap nights (388 6 10 min of trapping per trap night) and 1,786 bats were caught on 42 dates in 1996 during 95 trap nights (328 6 6 min). Only 6 bats were captured Gates et al. (1983) . b Hibernation data from Gates et al. (1984) and Kennedy (1989 before sunset and relatively few bats were captured during the 1st hour after sunset ( Fig. 1 ), indicating that most individuals captured in this study had not used the sites as day roosts. In addition, fresh fecal pellets were deposited during the holding period by 1,532 bats (86%) in 1996, indicating that they had been foraging before capture. In general, fresh fecal pellets were deposited by bats during July-October in both years, indicating that bats were foraging throughout the study period.
For the years combined, bat captures comprised 924 individuals of M. lucifugus, 854 of M. septentrionalis, 773 of P. subflavus, 269 of E. fuscus, 31 of M. leibii, 7 of M. sodalis, and 2 of L. borealis. The latter 3 species were not included in analyses because of small sample sizes. For each species, mean capture success was similar between years (Mann-Whitney Utests, each P ) 0.10). For the years combined, mean capture success among species ranged from 0.30 6 0.16 bats/trap h (E. fuscus) to 1.12 6 0.28 bats/trap h (M. lucifugus); however, these differences were not significant (Kruskal-Wallis, H ¼ 5.225, d.f. ¼ 3, P . 0.05), probably because of high variability in capture success for each species among roosts. High variability in capture success reflected differences in the relative importance of specific roosts to each species (Table 1) .
Of 430 bats marked from Greises Cave in 1996, 12 (2.8%) were recaptured, all only once. Recaptures included 1 juvenile female, 2 adult female, and 3 adult male M. septentrionalis; 5 adult male M. lucifugus; and 1 adult male P. subflavus.
Species composition.-Species diversity at roosts ranged from 3 (Barton Cave) to 6 (Greises Cave and Crabtree Cave) and species compositions generally were the same between years (Table 1) . No bats were captured at Pinto Limestone Mines in 1996, likely because of partial collapse of the mine (see ''Discussion''). In only 2 instances did the species composition change at the other 6 roosts, both involving uncommon species-M. leibii and M. sodalis each were present at a roost in 1995 but were not captured at that roost in 1996. Although uncommon, M. leibii was present at 4 roosts and M. sodalis at 3 roosts. E. fuscus occurred almost entirely at the 2 low-elevation mine roosts. P. subflavus, M. lucifugus, and M. septentrionalis each were present at all roosts.
We compared our data to the 1979-1980 survey by Gates et al. (1983) and found that species compositions were very similar (Table 1) . In only 1 case involving M. sodalis was the presence of a species recorded in 1979-1980 but not in the present study. At several roosts we observed the presence of species not recorded in [1979] [1980] . Finally, all of the caves and mines in this study are known hibernacula, although not necessarily hibernacula of the same species found using the sites in July-October (Table 1) .
Population structure.-Roosts were used by adults and juveniles of both sexes for each of the 4 most abundant species (Table 2) . As found by Gates et al. (1983) , overall sex ratios were skewed toward males for E. fuscus
.05), and P. subflavus Although skewed toward males in all cases, we observed constant sex ratios of adults between years for each species (Table 2 ). In contrast, sex ratios of juvenile E. fuscus, M. septentrionalis, and M. lucifugus were male biased in one year, but approximated a 1:1 ratio in the other year (Table 2) . Sex ratios of juvenile P. subflavus were not different between years and were not significantly different from a 1:1 ratio in 1995.
Nightly patterns of use.-Mean capture time at roosts for all species combined was approximately 15 min later in 1995 than 1996 (203.2 6 3.1 min versus 187.9 6 2.0 min; t ¼ 4.302, d.f. ¼ 2,818, P , 0.05). For each species and among subgroups (adult males, adult females, and juveniles), no significant differences were found in capture times in 1995 (Table  3) . In 1996, adult female M. lucifugus were captured on average approximately 30 min later than adult males (F ¼ 7.087, d.f. ¼ 2, 612, P , 0.05; Tukey post-tests), and adult female M. septentrionalis were captured approximately 18 min later than adult males and 28 min later than juveniles (F ¼ 4.375, d.f. ¼ 2, 570, P , 0.05; Tukey post-tests; Table 3 ).
Although we found variation in mean capture time between years and between subgroups for 2 species in 1996, we subsequently pooled data for each species to examine general nightly patterns of roost use. For the same reason, we combined data from all caves and mines, although there also was variation in capture times for each species among sites (ANOVAs, each P , 0.05). For pooled data, peaks in number of bats captured occurred 3-5 h after sunset (Fig. 1 ). E. fuscus was captured in nearly equal numbers from 3 to 7 h after sunset. The other species exhibited a more distinct peak in capture time. Mean capture time differed significantly among species (F ¼ 82.761, d.f. ¼ 3, 2,816, P , 0.05). Post-tests revealed that mean capture time for E. fuscus was later than for P. subflavus (243.3 6 5.5 min versus 220.6 6 3.5 min), and each had mean capture times later than did M. lucifugus (177.2 6 3.0 min) and M. septentrionalis (171.3 6 2.5 min). No difference was found in mean capture time between the latter 2 species, and each had a similar pattern of arrival at roosts (Fig. 1) .
We pooled all data (both years and all species) to examine the effect of ambient temperature on capture time and capture success (regressions for each year and individual species were similar to the overall pattern of the combined data). Average ambient temperature on trap nights was negatively correlated with date in both years (1995: r ¼ À0.74, n ¼ 30, P , 0.05; 1996: r ¼ À0.78, n ¼ 42, P , 0.05). Temperature explained little of the variation in capture time (r 2 ¼ 0.02, F ¼ 50.152, d.f. ¼ 1, 2,748, P , 0.0001; Fig. 2, top) . Similarly, temperature explained little of the variation in capture success (r 2 ¼ 0.10) but there was a significant (F ¼ 7.522, d.f. ¼ 1, 70, P , 0.01) positive trend (Fig. 2, bottom) .
Seasonal patterns of use.-Seasonal patterns of activity at roosts by adult male, adult female, and juvenile bats varied among species, but for each species patterns were similar between years (Fig. 3) . In several cases, adult males already were present in relatively high proportions at roosts in July. During the same period (with the exception of E. fuscus in 1995), adult females and juveniles were uncommon. However, there was increased activity of adult females and juveniles in August. This increase in activity of females and juveniles coincided with a peak in the abundance of males; thus, as found by Gates et al. (1983) , peak bat activity generally occurred in August. We plotted the combined capture success data (all species, subgroups, and roosts) versus Julian day and found the data were best fit by a quadratic function in both years (Fig. 4) . Inspection of the curves revealed that peaks in capture success occurred in mid-to late August (1995, approximately Julian day 240; 1996, approximately Julian day 230).
Although seasonal patterns in overall bat activity were evident, some notable interspecific differences existed (Fig. 3) . The activity of E. fuscus declined dramatically from August to September and they were rarely captured thereafter. By October, activity of P. subflavus and M. lucifugus also had decreased to low levels. Activity of M. septentrionalis was still high in October, indicating that activity may still have been high in November.
DISCUSSION
Patterns reported here are indicative of frequent use of these caves and mines as night roosts by adults and juveniles of both sexes for each of the 4 most abundant species. Much of the bat activity reported at caves and mines in summer and autumn has been described, not as night roosting, but as swarming behavior, in which large aggregations of bats fly in and out of cave entrances throughout the night (e.g., Fenton 1969; Humphrey and Cope 1976; Whitaker and Rissler 1992) . Swarming has traditionally been viewed as a phenomenon related to mating (but see Sparks et al. 2000) . Although we did observe swarming on some nights in late summer and autumn, it was clear throughout the course of this study, previous studies (R. L. Raesly, pers. comm.), and subsequent studies ) that these caves and mines are not the large-scale swarming sites described elsewhere.
In addition to activity related to swarming, other factors that likely contributed to the patterns in our data include activities related to day roosting, hibernation, and migration. Few bats (6 of 2,860) were captured at the cave and mine entrances before sunset (traps were routinely set out before sunset), and only a small proportion were captured exiting roosts during the 1st hour after sunset (Fig. 1) . Thus, although the sites were used as day roosts by some bats, day roosting did not account for the vast majority of captures represented in Fig. 1 . On the other hand, activity in late summer and autumn related to bats migrating through the area or examining the sites as potential hibernacula cannot be ruled out, especially because each roost also is a known hibernaculum of some species (Table 1) . However, overall, capture times at the caves and mines (Fig. 1 were most consistent with nightly patterns of foraging activity and night-roost use described elsewhere (Adam and Hayes 2000; Barclay 1982; Hayes 1997; Kunz 1973 Kunz , 1974a Lewis 1994; Perlmeter 1996 ; and see below).
All species found using these caves and mines, with the exception of L. borealis, use these structures extensively as hibernacula (Barbour and Davis 1969) . However, use of caves and mines during summer is not well documented (but see Humphrey and Cope [1976] for an extensive study of M. lucifugus). E. fuscus (reviewed in Agosta 2002) and M. lucifugus form maternity colonies predominantly in buildings in eastern North America (Barbour and Davis 1969) . Maternity colonies of P. subflavus occur in both buildings and tree foliage (Veilleux et al. 2003; Whitaker 1998) . M. sodalis apparently forms maternity colonies almost exclusively under tree bark (Callahan et al. 1997) . Summer roosts of M. septentrionalis and M. leibii have been little studied. M. septentrionalis appears to form maternity colonies primarily in trees and human-made structures (Caceres and Barclay 2000) . Very few summer records of M. leibii exist, although there are reports of small colonies in buildings in Pennsylvania (Merritt 1987) . Regardless of their maternity-roosting habits, examination of our data indicates that 4 of these species (E. fuscus, P. subflavus, M. lucifugus, and M. septentrionalis) regularly use these caves and mines in the period July-October. Two of these species, the endangered M. sodalis and elusive M. leibii, use these caves and mines at least occasionally.
Overall, our study demonstrates that these cave and mines are used as night roosts by multiple species, numerous conspecifics, and, in the months after the maternity period, adults and juveniles of both sexes. These results are similar to studies of night roosting by bats in bridges in the western United States (Adam and Hayes 2000; Pierson et al. 1996) . Moreover, our study suggests that relatively permanent roosts can support stable species compositions, population structures, and patterns of use from year to year. However, stochastic events at less permanent structures can present problems for bats, as evidenced by the collapse of the Pinto Limestone Mine in this study. Although used by bats at least since 1979, no bats were captured at the Pinto Limestone Mine in 1996 (possibly because of partial collapse) and it was obvious from the mine entrance that it had completely collapsed by 2000. Mines can act as ecological traps (sensu Pulliam 1996) for bats because they offer seemingly permanent suitable roosting opportunities. However, mines left unmanaged ultimately are ephemeral (e.g., structural collapse or floods) and have the potential to disrupt otherwise stable bat populations.
In addition to year-to-year stability, our comparison to data collected 2 decades ago by Gates et al. (1983) suggests that the patterns reported here in terms of species composition, population structure, and seasonal activity have existed on a regional scale for some time. Hall and Brenner (1968) described nearly identical patterns of summer bat activity (i.e., similar species composition, capture times, and rates of recapture) at a cave in central Pennsylvania, although they did not specifically attribute this activity to night roosting. Davis et al. (1968) reported that E. fuscus often night roosts in caves in Kentucky, and Kunz (1982) thought it likely that the species in this study commonly night roost in caves and mines. Given the consistent (i.e., year-to-year) and seemingly widespread patterns documented in this study, we concur with previous authors that monitoring night-roost activity could be an effective tool for monitoring populations of some species (Adam and Hayes 2000; Hall and Brenner 1968; Pierson et al. 1996) .
Roost fidelity. -Kunz (1982) suggested that bats are generally opportunistic in their choice of night roosts. The low rate of recapture observed in this study, although based on data from 1 cave, is consistent with this hypothesis. Previous researchers observed a lack of fidelity by banded bats during the same period at the same caves and mines (Gates et al. 1983 ; R. L. Raesly, pers. comm.) and a cave in central Pennsylvania (Hall and Brenner 1968) , in which bats were rarely recaptured even on consecutive nights. Humphrey and Cope (1976) studied the population ecology of M. lucifugus in Indiana and Kentucky and demonstrated that movements of individuals among caves and mines were complex during summer and autumn. Rather than using 1 or a few night roosts (e.g., during the maternity period- Anthony et al. 1981; Barclay 1982) , bats may exploit different foraging areas from night to night and subsequently night roost at well-known sites near these foraging areas. This strategy, possibly used by adult males and nonreproductive females throughout the foraging season, may be used to varying degrees by all bats after maternity colonies disband.
Population structure.-With the exception of maternity roosts, bat populations skewed toward males are commonly reported (Pennsylvania and Maryland-Agosta et al. 2002; Gates et al. 1984; Griffith and Gates 1985; Mohr 1933 Mohr , 1945  this study). Male-biased sex ratios have been attributed to greater male survival (Hitchcock et al. 1984; Keen and Hitchcock 1980; Kurta and Matson 1980; but see Tuttle and Stevenson 1982) and segregation of the sexes into habitats reflecting different energetic demands (Barclay 1991) . Although male-biased newborn ratios are possible, there is little evidence of this (Fenton 1970; Humphrey and Cope 1976; Kunz 1974b) ; however, there is recent evidence for E. fuscus of maternal manipulation of sex ratios in relation to physical condition (Barber 1999) .
We found, at least in 1 of 2 years for each species, sex ratios of volant juveniles that approximated 1:1. Given constant year-toyear sex ratios of adults for each species, sex ratios of juveniles that approximated 1:1, and the large number of individuals captured in both years, we believe that our estimate of population structure at these roosts is accurate and that use of these caves and mines is dominated by adult males. Although juvenile females are not necessarily outnumbered by their male counterparts, the evidence suggests that they shift habitat use, occupy different roosts, or suffer higher mortality than males by their 2nd summer. The low proportion of adult females and juveniles, overall, may simply reflect that many individuals continue to roost within the boundaries of the natal site after the maternity period (e.g., .
Nightly patterns of use.-Assuming that emergence times from day roosts with respect to sunset were not drastically different among individuals, nights, or seasons (Kunz 1974a; Swift 1980; Wilkinson and Barclay 1997) , we considered capture time (measured in minutes after sunset) as an indicator of length of the 1st foraging bout. Kunz (1973) documented foraging activity and night-roost use by E. fuscus in Iowa. Peaks in foraging occurred 2-3 h after sunset, which was concordant with a peak in night-roosting activity 4-7 h after sunset. For all species in this study, the distribution of capture times at roosts was consistent with this pattern (Fig. 2) . Coupled with evidence (the presence of feces) that bats were foraging before capture, we think it likely that most bats were captured after their initial feeding bout.
Although we found variation in mean capture time among species, these differences are difficult to account for and could result from a variety of factors. In addition to overall differences in capture times among species, there also were differences in capture times for each species among roosts. Thus, any differences in capture times could reflect intrinsic differences among species, roosts, or interactions between species and roosts. Among-species variation may reflect differences in patterns of emergence from day roosts or commuting distances to and from foraging areas (e.g., E. fuscus and P. subflavus may commute longer distances from foraging grounds to night roosts). Species in this study also have comparatively different diets (Griffith and Gates 1985) . Generally later arrival of E. fuscus and P. subflavus at night roosts may reflect later peaks in the temporal abundance of their specific prey, relative to the prey of both Myotis species (M. lucifugus and M. septentrionalis). Both commuting distances and prey availability may vary more among sites than among species, in which case differences in arrival times would reflect specific site characteristics more than any intrinsic differences among species.
Examination of our data indicates that males, females, and juveniles generally forage for similar lengths of time in the months after the maternity period. Wilkinson and Barclay (1997) did not find significant differences in length of foraging bouts by male and female E. fuscus during the reproductive period. Similarly, we found few differences among sexes or age classes in capture times after the maternity period, although females of both Myotis species (M. lucifugus and M. septentrionalis) were captured 20-30 min later than males and juveniles in 1996.
Insect abundance is generally positively correlated with nightly ambient temperature (e.g., Pennsylvania-Agosta et al. 2003) . Therefore, we examined temperature as a possible environmental correlate of nightly bat activity and length of the 1st foraging bout (capture time). Two important conclusions emerge from this analysis. First, there appears to be a threshold temperature at about 108C, below which bat activity is consistently low and capture times are consistently early (Fig.  2) . This threshold temperature corroborates findings for nonreproductive E. fuscus in Alberta, Canada, which often forgo foraging or forage briefly before returning to roosts at ambient temperatures below 128C (Grinevitch et al. 1995; Wilkinson and Barclay 1997 ; also Barclay 1982) . Hayes (1997) documented a threshold temperature of 0-48C, below which bat activity in Oregon decreased dramatically. Presumably, the benefits outweigh the costs of not foraging below threshold temperatures.
A 2nd important result of the temperature analysis is the wide variability in bat activity and capture times above the threshold temperature. Above 108C, temperature explained little to no variation in capture success or capture time. Thus, although temperature may be a proximate cue for the decision to forage, possibly indicating some threshold level of insect densities (Racey and Swift 1985; Rydell 1989) , activity and foraging duration clearly do not increase linearly with temperature (Hayes 1997; Wilkinson and Barclay 1997) . Many biotic and abiotic factors potentially affect bat activity (Hayes 1997 and references therein) and it seems likely that measuring one or more of these factors, especially insect abundance directly (Anthony et al. 1981) , would account for more of the variation in capture success and capture time observed in this study.
Finally, it should be noted from Fig. 2 that, because temperature was highly correlated with date, all of the observations below the apparent threshold temperature occurred in September and October. It is possible, therefore, that low bat activity and early capture times below 108C reflect seasonal behavior rather than any effects of temperature per se. However, observations of relatively high bat activity and later capture times also occurred in both September and October.
Seasonal patterns of use.-During the maternity period, adult male bats of many species are loosely associated with maternity colonies, form small bachelor colonies, or lead relatively solitary lives (Bradbury 1977) . Male E. fuscus forgo foraging, use torpor, and night roost away from the maternity roost more frequently than do females (Grinevitch et al. 1995; Hamilton and Barclay 1994) . These behaviors are consistent with the less severe energetic demands incurred by males during the reproductive period. Thus, we expected the abundance of adult male bats using these roosts in July to be at least as high as in August. In contrast, seasonal abundance of males, females, and juveniles of all species generally peaked in late August (Figs. 3 and 4) , suggesting a major shift in behavior or habitat by all bats during this period.
Despite interspecific similarities in seasonal patterns of night roosting, some interesting differences exist. Activity of M. septentrionalis was relatively high in late October, despite very low capture success for the other species. Captures of E. fuscus declined dramatically approximately a month before those of other species. A similar pattern has been observed in West Virginia (C. W. Stihler, pers. comm.), Indiana (J. O. Whitaker, Jr., pers. comm.), and New Mexico (Black 1974) . Mohr (1932) in Pennsylvania and Rysgaard (1942) in Minnesota reported that E. fuscus did not arrive at some hibernacula until November or December. These observations, coupled with the absence of captures of E. fuscus during autumn in this study, suggest that this bat shifts roosts or habitats in early autumn. Both mines where E. fuscus was abundant in this study also are known hibernacula, so it seems unlikely that this shift is to sites that ultimately serve as hibernacula. In Indiana, J. O. Whitaker, Jr. (pers. comm.) observed E. fuscus abandoning mine roosts in late summer and moving to building roosts. He suggested to us that this also occurred in our study. Notably, the decline of E. fuscus in our study was concurrent with the onset of prehibernal fat deposition by other species (Marsh 1998) . It is possible that the absence of E. fuscus at mines in late summer and early autumn is correlated with a behavioral change associated with fat deposition.
Data presented here provide an initial assessment of patterns largely attributable to night roosting in a bat assemblage on a regional scale. Many aspects remain unstudied, but future work in the study area on biotic and abiotic factors influencing these patterns should produce informative comparative studies among species and more detailed studies of specific species. In addition, it seems apparent that more significant advances in understanding the night-roosting ecology of bats will be made only when considered in connection with day roosts and foraging areas.
